During execution projects may be subject to considerable uncertainty, which may lead to numerous schedule disruptions. Recent research efforts have focused on the generation of robust project baseline schedules that are protected against possible disruptions that may occur during schedule execution. The fundamental research issue we address in this paper is the potential trade-off between the quality robustness (measured in terms of project duration) and solution robustness (stability, measured in terms of the deviation between the planned and realized start times of the projected schedule). We provide an extensive analysis of the results of a simulation experiment set up to investigate whether it is beneficial to concentrate safety time in project and feeding buffers, or whether it is preferable to insert time buffers that are scattered throughout the baseline project schedule in order to maximize schedule stability. r
Problem description
The vast majority of the research efforts in project scheduling over the past several years have concentrated on the development of exact and suboptimal procedures for the generation of a baseline schedule (pre-schedule, predictive schedule) assuming a deterministic environment and complete information. During execution, however, a project may be subject to considerable uncertainty, which may lead to numerous schedule disruptions. The recognition that uncertainty lies at the heart of project planning has induced a number of research efforts in the field of project scheduling under uncertainty (for an extensive review of the literature we refer to Demeulemeester and Herroelen (2002) and Herroelen and Leus (2004b) Herroelen et al. (2002) . CC/BM builds a baseline schedule using aggressive 1 median or average activity duration estimates. The safety in the durations of activities that was cut away by selecting aggressive duration estimates is concentrated in the form of a project buffer (PB) that is positioned at the end of the so-called critical chain. The critical chain (CC) is defined as the longest chain 2 of precedence and resource dependent activities that determines the overall duration of a project. The project buffer should protect the project due date from variability in the critical chain activities. Feeding buffers (FB) are inserted whenever a non-critical chain 3 activity joins the CC. Clearly, the CC/BM idea is to protect the project due date against the disruptions that may occur during project execution. As such it can be viewed as a procedure for generating makespan (due date) protective schedules. Due date protection, however, is only one side of the coin and relates to the sensitivity of the project makespan to activity disruptions, i.e. to the quality robustness of the baseline schedule. For executing a project, on the other hand, the CC/BM approach does not rely on the buffered schedule but on a so-called projected schedule. This schedule is precedence and resource feasible and is to be executed according to the roadrunner mentality, i.e the so-called gating tasks (activities with no non-dummy predecessors) are started at their scheduled start time in the buffered schedule while the other activities are started as soon as possible. The projected schedule is recomputed when disruptions occur. Neither the buffered schedule nor the projected schedule are constructed with a view to stability (solution robustness, i.e. the insensitivity of planned activity start times to schedule disruptions).
An ideal schedule should combine solution robustness (i.e. be stable) and quality robustness (i.e. be makespan protective). The fundamental research issue we address in this paper is the potential trade-off between quality robustness (measured in terms of project duration) and solution robustness (stability, measured in terms of the deviation between the planned and realized start times) of the projected schedule. By means of simulation we investigate whether it is beneficial to concentrate safety time in project and feeding buffers as done by the original CC/BM approach and a modified CC/BM approach developed in this paper, or whether it is preferable to insert time buffers scattered throughout the project schedule, as done by the adapted float factor model (ADFF) developed by Leus (2003) .
The remainder of the paper is organized as follows. The next section describes the set-up of our computational experiment. We describe the scheduling mechanism used by the original and modified CC/BM approach and the ADFF heuristic. The original and modified CC/BM approaches are used as representatives of scheduling algorithms that aim at generating makespan protective schedules. ADFF is used as a representative of scheduling algorithms that aim at generating solution robust schedules. We also describe the metrics used for measuring solution and quality robustness. Section 3 describes the experimental results obtained by the three scheduling heuristics. The last section is reserved for our overall conclusions.
Set-up of the computational experiment
We assume that projects are represented in activity-on-the-node representation, where the precedence constraints are of the finish-start type with zero time-lag. An example network with ten activities is given in Fig. 1 . Nodes 0 and 9 are the dummy start and end nodes, respectively. We make abstraction of resource usage and assume that activity durations are random variables with known distribution. The first number above each node represents the corresponding mean activity duration, to be used in generating a baseline
